iron(II) complex with nitronyl nitroxides,
Introduction
Tridentate N-heterocyclic ligands have been used over the last century as effective and stable complexing agents for transition metal ions. These ligands have been used to build supramolecular coordination polymers[1] and denderimers [2] , which might have interesting catalytic, photochemical and redox properties. [3] Nitronyl nitroxides, on the other hand, have been extensively used as building blocks for pure organic ferromagnets [4] and as bridging ligands for paramagnetic metal ions.
[5] A number of transition metal complexes with nitronyl nitroxide-functionalized pyridines [6] , polypyridines [7] , imidazole and pyrazol [8] have been synthesized. Gateschi et al. reported that a so-called single chain magnet of [Co(hfac) 2 (rad)] (hfac = hexafluoroacetylacetonate, rad = 2-(p-methoxyphenyl)nitronylnitroxide), which showed slow magnetic relaxation of spin flips. [9] derivatives, which are considered as analogues of terpyridine, ligate an iron(II) ion and complex molecules showed thermally and light induced spin-crossover, the latter called light induced excited spin state trapping (LIESST) phenomena.
[10] An Iron(II) complex of dpp ligands containing nitronyl nitroxide radicals, therefore, can be a good candidates for the hybrid system exhibiting synergy of bulk magnetism and spin transitions. We report here preparations of a new tridentate ligand with the nitronyl nitroxide (Scheme 1) and its iron(II) complex, and the magnetic properties were studied.
Experimental

2-1. Syntheses
All reagents were purchased and used without further purification. ethyl 2,6-di(pyrazol-1-yl)isonicotinate [11] and N,N'-dihydroxy-2,3-diamino-2,3-dimethylbutane [12] were synthesized according to the literature methods.
dipyrazol-3-yl-4-hydroxymethylpyridine (2). Sodium borohydride (1.48 g, 39.2 mmol) was added to dipyrazol-3-yl-4-carboxyethylpyridine (2.22 g, 7. 84 mmol) in ethanol (150 ml) and the mixture was refluxed for 6 hours.
The resulting mixture was evaporated, and 60 ml of water and 23. 
2,6-di(pyrazol-1-yl)-4-(4,4,5,5-tetramethyl-1-oxido-3-ylooxy-4,5-dihydro-
3H-imidazol-2'-yl)pyridine (dppNN).
N,N'-dihydroxy-2,3-diamino-2,3-dimethylbutane (150 mg, 1.04 mmol) in benzene (6 ml) was added to 3 (750 mg, 1.02 mmol) in benzene (7 ml 
2-2. magnetic measurements
DC magnetic susceptibility data of 1 were collected by using a Quantum Design MPMS-XL SQUID magnetometer at temperatures ranging from 5 to 340 K. For the LIESST experiment, Xe lamp was used as light source and 500-600 nm light was isolated by using colour filter and was guided via an optical fiber into the SQUID magnetometer. Irradiation was performed inside the SQUID sample room at 5 K.
Results and Discussion
3-1. Syntheses of dppNN and [Fe(dppNN 2 ) 2 ](BF 4 ) 2 ·(CH 3 COCH 3 ) (1)
A tridentate ligand of dppNN was synthesized from ethyl 2,6-di(pyrazol-1-yl)isonicotinate 7 by three-step reactions. In the first step, the carboxyethyl group was reduced by sodium borohydrate affording a hydroxymethyl group, and the hydroxymethyl group was oxidized to a formyl group by the Swern oxidation in the second step. A reaction of formyl compound with N,N'-dihydroxy -2,3-diamino-2,3- ions in the series of this tridentate ligand. [9] Interatomic distances of N-O groups in nitronyl nitroxides are in the range of 1.26(1) -1.28(1) Å for N6-O1, N7-O2, N13-O3 and N14-O4, respectively, which are characteristic of radical centers. It should be mentioned that no significant intermolecular contact between the NO groups of dppNN (> 4 Å) was observed and cations are magnetically isolated.
3-3. Magnetic susceptibility measurements of 1
Magnetic susceptibility measurements for 1 was done in the temperature range of 5 -340 K and a χ m T -T plot was shown in Figure 2 .
The χ m T values below 130 K are almost constant (0.83 emu mol -1 K), which corresponds to the uncorrelated two radical spins. It is pointed out that coordination bond lengths at 200 K are typical values for low-spin iron(II) ions, which magnetically isolate two radicals in the molecule. Sudden decrease of the χ m T values below 30 K is due to weak intermolecular antiferromagnetic interactions between dppNN radicals. As the temperature was increased up to 340 K, gradual increase of χ m T values was observed and this increase was recovered in the cooling process, suggesting this phenomenon being a reversible thermal spin-crossover phenomenon. A χ m T value of 1.21 emu mol -1 K at 340 K corresponds to 14% of the central iron (II) ion being in the high spin state. The sum of Curie constants for isolated iron(II) ion and two radicals is 3.75 emu mol -1 K, and the critical temperature of the spin transition is higher than 340 K, where. When the sample was irradiated with 500-600 nm light at 5 K, the χ m T values of 1 abruptly increased, suggesting that the metastable HS state was trapped. 
Conclusion
We prepared a novel iron(II) complex with nitronyl nitroxide radicals, and its structure and magnetic property were studied. Magnetic susceptibility measurement suggests central iron(II) ion show the thermal spin transition with a critical temperature higher than 340 K, and LIESST phenomenon was confirmed by light irradiation at 5 K. (6), Fe1-N2 1.974(6), Fe1-N5 1.958(6), Fe1-N8 1.903(6), Fe1-N9 1.983 (7), Fe-N12 1.982(8), O1-N6 1.28(1), O2-N7 1.27(1), O3-N13
1.26(1), O4-N14 1.27(1). Figure 2 . χ m T -T plot for 1. Figure 1 . ORTEP diagram of 1 2+ . Selected interatomic distances (Å) for 1 2+ : Fe1-N1 1.889(6), Fe1-N2 1.974(6), Fe1-N5 1.958(6), Fe1-N8 1.903(6), Fe1-N9 1.983 (7), Fe-N12 1.982(8), O1-N6 1.28(1), O2-N7 1.27(1), O3-N13
1.26(1), O4-N14 1.27(1). Figure 2 . χ m T -T plot for 1(BF 4 ) 2 ·(CH 3 COCH 3 ).
Graphical abstract
An iron(II) complex with nitronyl nitroxide radicals was synthesized and structure and magnetic properties were presented. The central iron(II) ion was coordinated by two tridentate ligands with nitroniyl nitroxide radicals.
In a magnetic susceptibility measurement, 1(BF 4 ) 2 ·(CH 3 COCH 3 ) showed thermally and light induced spin transitions.
